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Programs  Department,  Aircraft  Engine  Business  Group,  General  Electric  Company, 
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Air  Force  Project  Engineer  for  this  program. 

This  report  describes  the  results  of  an  effort  to  aerodynamically  define 
five  rotor  designs,  all  parametrically  related  to  a base  line  design  which 
could  be  evaluated  by  future  testing  in  order  to  define  the  sensitivity 
of  transonic  blade  rows  to  several  design  variables. 

For  the  General  Electric  Company  Mr.  D.E.  Parker  was  the  Technical 
Program  Manager  for  this  program.  Mr.  M.R.  Simonson  was  the  principal 
investigator.  Mr.  A.J.  Bilhardt  was  the  overall  Program  Manager. 
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SECTION  I 
INTRODUCTION 


Exploratory  development  programs  funded  by  the  Department  of  Defense, 
and  similar  programs  supported  by  NASA,  have  traditionally  attempted  to 
advance  the  component  state  of  the  art  by  increasing  component  overall  per- 
formance goals,  each  time  relative  to  a previous  program  or  a known  level  of 
achievement.  Although  major  progress  has  been  achieved  in  this  manner,  it 
is  also  apparent  that  in  certain  detailed  areas  of  design,  the  same  assump- 
tions are  made  time  after  time  for  no  better  reason  than  past  experience 
has  proven  them  "safe";  i.e.,  they  have  a high  probability  of  providing  a 
satisfactory,  if  not  optimum,  design.  At  present,  there  exists  no  good 
basis  from  which  to  depart  from  many  of  these  assumptions,  because  neither 
IR&D  programs  nor  Government- funded  programs,  as  presently  structured,  have 
provided  a data  matrix  that  is  sufficiently  systematic  to  allow  one  to  assess 
the  sensitivity  of  component  behavior  to  variations  in  these  favorite  assump- 
tions. Although  analysis  in  the  subsonic  area  has  proven  able  to  distinguish 
these  sensitivities,  this  Is  not  yet  true  in  the  transonic  area  and  is  not 
likely  to  be  for  several  years  to  come.  To  achieve  further  performance 
improvements  in  transonic  compressor  stages,  it  would  be  desirable  to  con- 
duct a comprehensive  experimental  program  aimed  at  exploring  the  sensitivity 
of  compressor  performance  to  variations  in  several  common  design  parameters. 

One  parameter,  sometimes  defined  more  on  the  basis  of  historical  reasons 
than  on  a knowledge  of  its  aerodynamic  effect,  is  the  chordwise  location 
of  maximum  blade  thickness.  Research  by  NACA  in  the  1950's  generally  indi- 
cated that  as  relative  inlet  Mach  number  rose,  it  was  desirable  to  move  the 
location  of  maximum  thickness  aft  on  an  airfoil.  This  may  remain  true. 
However,  the  early  work  was  done  with  airfoils  having  significant  positive 
camber.  Today,  many  airfoils  at  rotor  tips  have  little  overall  relative 
turning,  sometimes  negative  turning,  and  frequently  have  camber  lines  of 
S-shape:  negative  camber  followed  by  some  positive  camber.  In  some  instances 
with  S-shaped  camber  lines,  a shift  in  maximum  airfoil  thickness  forward  of 
the  more  customary  location  would  reduce  the  peak  curvature  of  the  airfoil, 
assuming  all  other  design  criteria  were  held  constant.  There  are  other  incen- 
tives to  move  thickness  forward  related  to  meeting  bird-strike  structural 
criteria.  Rather  than  penalizing  aerodynamic  performance,  it  might  even  be 
improved  in  sor c instances. 


Another  design  variable  commonly  considered  in  transonic  and  supersonic 
blade  rows  is  the  throat  margin,  and  the  interrelation  between  the  airfoil 
mean  line  shape  and  the  cascade  throat  area.  While  there  is  some  variation 
in  the  way  throat  margin  is  defined,  it  is  common  practice  to  specify  some 
minimum  acceptable  throat  margin  over  that  "theoretically"  required  accounting 
for  leading  edge  shock  loss,  stream  tube  contraction,  etc. 

Increasing  the  average  suction  surface  angle  in  the  supersonic  region 
ahead  of  the  leading  edge  passage  shock  reduces  the  average  Mach  number  just 
ahead  of  the  shock  and  presumably  reduces  the  shock  loss.  However,  this 
results  in  a reduced  cascade  throat  area.  If  the  throat  is  too  small,  the 
cascade  will  not  pass  the  design  flow  and  may  not  achieve  the  attached 
shock  pattern  which  is  desired  for  minimum  loss. 

Also,  if  the  blade  suction  surface  angle  is  made  steep  ahead  of  the  cas- 
cade mouth,  or  covered  portion,  it  may  be  necessary  to  have  a rapid  change 
in  blade  mean  line  angle  at  the  cascade  mouth  to  prevent  the  throat  from 
becoming  too  small  within  the  covered  channel.  A rapid  change  of  the  suction 
surface  angle  increases  the  surface  Mach  number  ahead  of  the  shock  and  tends 
to  worsen  the  shock-boundary  layer  interaction.  This  consideration  may 
influence  the  optimum  throat  margin  for  best  efficiency. 

If  the  throat  area  is  sufficient  to  pass  the  design  flow,  then  (for 
transonic  cascades)  the  maximum  flow  is  limited  by  the  average  suction  sur- 
face angle  in  the  flow  induction  region  ahead  of  the  first  captured  Mach  wave. 
The  average  suction  surface  angle  in  this  region  cannot  be  increased  and 
still  pass  the  desired  flow  so  that  any  increase  in  surface  angle  must  take 
place  aft  of  this  region. 

Another  parameter  which  can  influence  the  performance  of  transonic 
cascades  is  the  "effective  camber"  of  the  blade.  The  term  "effective  camber" 
is  loosely  used  to  indicate  the  circulation  capacity  of  the  cascade,  since 
the  normal  camber  definition  is  not  sufficient  for  cascades  with  nonstandard 
mean  lines  which  may  depart  significantly  from  a circle  arc. 
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The  best  efficiency  at  the  design  speed  for  transonic  rotors  normally 
occurs  near  the  "knee"  of  the  pressure  ratio  - flow  characteristic  where  the 
flow  begins  to  decrease*  For  the  baseline  rotor  the  peak  efficiency  at  design 
speed  was  about  2 points  higher  than  that  at  the  test  data  point  selected  as 
the  base  for  the  designs  carried  out  under  this  contract.  This  peak  efficiency 
occurred  at  a pressure  ratio  about  8 percent  higher  than  the  selected  data  point. 
The  baseline  point  was  selected  for  this  work  because  it  provides  reasonable 
stall  margin.  If  it  is  thought  of  as  an  "operating  line"  point,  then  there  is 
reason  to  think  that  an  improvement  in  efficiency  might  be  achieved  at  this 
"operating  line"  point  by  adjusting  the  effective  camber  so  that  the  "knee"  of 
the  characteristic  more  nearly  coincides  with  the  operating  line  point.  The 
reduced  effective  camber  does  not  necessarily  reduce  the  stall  line,  however, 
it  may  have  an  adverse  effect  on  the  efficiency  at  reduced  RPM  operation.  How- 
ever, currently  there  is  inadequate  definitive  data  to  allow  an  assessment  of 
the  trade. 

The  objective  of  the  work  presented  in  this  report  was  to  perform  the  aero- 
dynamic design  of  a series  of  five  transonic  compressor  rotors,  all  parametri- 
cally related  to  a base  line  design  documented  in  Reference  1.  This  base  line 
design  was  a high-through-flow,  high-aerodynamic-loading,  low  hub  tip  ratio 
compressor  first  stage  and  was  the  result  of  a redesign  effort  by  the  Air  Force 
Aero  Propulsion  Laboratory  to  improve  the  aeromechanical  performance  of  a 
similar  earlier  design.  Each  of  the  five  designs  deviate  from  the  baseline, 
in  so  far  as  practical,  by  a variation  of  one  parameter  only.  The  parameter 
variations  are  specified  at  the  rotor  tip.  The  original  hub  characteristics 
were  preserved  to  the  maximum  extent  practical.  The  varied  parameter  was 
adjusted  proportionately  along  the  span. 

A broader  objective  of  this  work  is  to  define  a matrix  of  aerodynamic  de- 
signs for  future  testing  that  will  help  define  the  sensitivity  of  transonic 
blade  rows  to  variation  of  several  important  design  variables  about  which  there 
is  little  available  data. 

The  work  was  conducted  in  five  phases;  each  consisting  of  the  aerodynamic 
design  of  one  of  the  five  rotors.  For  Phase  I and  Phase  II  the  location  of 
the  airfoil  maximum  thickness  was  changed  from  70%  of  meanline  length  in 
the  baseline  design  to  40%  and  55%  respectively. 
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The  Phase  III  rotor  was  designed  to  have  a steeper  average  suction  surface 
angle  in  the  supersonic  region  to  reduce  the  Mach  number  ahead  of  the  leading 
edge  shock.  This  results  in  a smaller  cascade  throat  area  than  the  baseline 
rotor. 

The  Phase  IV  rotor  was  also  designed  to  have  a steeper  average  suction 
surface  angle  ahead  of  the  shock  but  differed  from  the  Phase  III  blade  in  that 
it  had  somewhat  lesg  external  compression  and  somewhat  more  internal  contraction. 
This  reduces  the  rapid  mean  line  (and  suction  surface)  curvatures  in  the  region 
of  the  cascade  mouth.  The  cascade  throat  areas  of  the  Phase  III  and  Phase  IV 
blades  were  essentially  the  same. 

The  Phase  V blade  was  designed  to  have  a somehwat  smaller  effective  trail- 
ing edge  camber  than  the  base  line  rotor. 

The  Phase  III,  IV,  and  V all  used  the  same  airfoil  thickness  distribution 


SECTION  II 

DESIGN  APPROACH  AND  CRITERIA 

It  was  the  intent  of  this  program  to  vary  only  one  parameter  at  a time  in 
the  design  of  the  new  rotors,  keeping  other  design  variables  as  close  as  practi- 
cal to  the  baseline  rotor.  In  order  to  expeditiously  accomplish  this  effort  it 
was  deemed  highly  desirable  to  reproduce  the  actual  test  results  of  the  baseline 
rotor  on  the  General  Electric  computer. 

The  test  data  point  selected  as  the  baseline  point  was  the  most  unthrottled 

point  available  at  the  design  speed.  The  measured  stage  pressure  ratio  of  this 

point  was  1.92,  which  is  essentially  the  same  as  the  design,  while  the  measured 

corrected  airflow  of  61.36  lbm/sec  was  about  2 percent  lower  than  the  original 

design.  This  lower  than  design  flow  makes  it  possible  to  consider  designs  for 

Phase  III  and  IV  rotors  which  have  smaller  throat  areas.  The  measured  airflow 

2 

represents  a specific  flow  of  43.13  lbm/sec/ft  . The  measured  stage  efficiency 
was  85.4%. 

The  measured  airflow,  discharge  pressures  and  temperatures  as  well  as  flow 
path  and  blading  geometry  were  used  in  the  General  Electric  Circumferential 
Average  Flow  Determination  computer  program  (CAFD) . Calculation  stations  were 
included  within  the  rotor  at  every  10  percent  of  the  rotor  axial  projection. 

The  assumed  chordwise  work  distribution  was  adjusted  at  each  streamline  until  a 
reasonable  match  was  obtained  of  the  measured  static  pressure  over  the  rotor 
tip,  and  the  calculated  throat  margins,  the  internal  blade  meanline  departure 
(deviation)  angle,  and  the  difference  between  the  "free  flow"  streamline  and 
the  blade  suction  surface  angle  in  the  flow  induction  region  were  all  reasonable 
when  compared  with  past  experience.  This  synthesis  of  the  baseline  rotor  op- 
eration is  referred  to  as  the  "data  match"  case  and  served  as  a basis  to  pertur- 
bate  the  baseline  configuration  to  the  other  aerodynamic  designs  carried  out 
under  this  contract.  The  data  match  calculations  are  described  in  greater  de- 
tail in  Section  IV. 

Since  the  rotor  internal  blade  blockage  of  the  five  designs  differed  from 
the  baseline  rotor,  the  chordwise  distribution  of  work  input  was  adjusted  for 
each  case  to  make  the  calculated  streamline  static  pressure  distribution 
similar  to  that  calculated  for  the  baseline  case.  Also,  the  blade  meanline 
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departure  angles  were  adjusted  so  that  the  flow  Induction  capacity  of  the  blade, 
and  the  throat  areas  were  the  same  as  the  baseline  rotor  (except  for  the 
Phase  III  and  IV  blades  where  the  throat  areas  were  intentionally  changed) . 


The  rotor  leading  and  trailing  edges  were  kept  at  the  same  axial  projection 
as  the  baseline  rotor.  Since  the  blade  stagger  angle  in  the  outer  portion 
changed  some  for  the  5 different  rotors,  the  blade  chords  differed  some  from 
the  reference  blade. 


The  radial  distribution  of  maximum  thickness  was  kept  the  same  as  the  base- 
line. Since  the  chords  for  the  different  designs  were  not  identical  to  the  base- 
line, there  were  some  variations  in  the  thickness/chord  ratio. 

The  baseline  design  used  a chordwise  thickness  distribution  described  in 
Reference  2.  The  thickness  distribution  as  a function  of  distance  along  the 
meanline  is  described  by  two  cubic  equations.  The  first  equation  describes 
the  thickness  from  the  leading  edge  to  the  maximum  thickness  point,  while  the 
second  defines  the  thickness  between  the  point  of  maximum  thickness  and  the 
trailing  edge.  The  magnitude  and  chordwise  location  of  the  airfoil  maximum 
thickness  (as  well  as  the  leading  and  trailing  edge  thickness)  are  specified 
by  the  designer.  The  slope  and  curvatures  are  continuous  at  the  maximum 
thickness  location  where  the  two  equations  meet.  The  same  procedure  was  used 
for  the  rotors  designed  under  this  contract, 

A modified  version  of  Carter's  Rule  was  used  to  calculate  a reference 
deviation  angle  for  the  baseline  rotor.  This  procedure  converts  the  vector 
diagrams  (from  the  data  match  calculations)  to  an  equivalent  two-dimensional 
set  of  vectors  which  would  produce  the  same  circulation  as  the  actual  blade 
taking  into  account  the  change  in  streamline  radi.ts  and  meridional  velocity. 

The  difference  between  the  deviation  angle  implied  by  the  data  match  calculations 
and  the  reference  deviation  angle  was  maintained  in  the  design  of  the  five 
rotors. 
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SECTION  III 

COMPUTATIONAL  PROCEDURES 


The  General  Electric  Circumferential  Average  Flow  Determination  (CAFD) 
computer  program  was  used  both  for  the  data  match  calculation  and  for  the 
design  of  the  rotors.  This  computer  program  is  similar  (but  differing  in 
detail)  to  that  used  in  the  design  of  the  baseline  rotor  and  as  described  in 
Reference  3.  In  both  cases  the  "full"  radial  equilibrium  version  of  the 
momentum  equation  is  satisfied  at  each  computational  station,  with  the  stream- 
line slope  and  curvature  being  obtained  by  a curve  fit  rf  the  calculated 
streamline  locations.  Blade  circumferential  blockage  and  blade  force  terms 
are  included,  determined  from  the  stacked  blade  geometry  and  the  specified 
chordwise  work  distribution,  for  calculation  stations  within  a blade  row. 

A fast  convergence  technique  is  incorporated  which  results  in  a converged 
solution  in  a relative  few  number  of  iterations. 

The  Streamsurface  Blade  Sections  Program  (SBS)  uses  CAFD  intra  blade 
station  output  plus  a distribution  of  blade  departure  (deviation)  angles  and 
thickness  between  the  leading  and  trailing  edge  along  each  streamline.  Passage 
area  distribution..,  throat  area  and  choke  margin  are  calculated  for  each  stream- 
surface  section. 

A "free-flow"  streamline  is  also  calculated.  This  streamline  represents 
the  path  an  air  particle  would  follow  in  the  absence  of  any  blade  force  or 
blade  annulus  blockage.  An  approximate  suction  surface  Mach  number  is  calculated 
for  the  front  portion  of  the  blade  (if  the  flow  is  supersonic)  by  applying  a 
Prandtl-Meyer  expansion  from  the  free-flow  streamline  to  the  blade  suction 
surface.  The  average  angle  difference  between  the  blade  suction  surface  and 
the  free  flow  stream-line  between  the  leading  edge  and  the  first  "captured 
wave"  is  also  calculated.  This  is  used  as  a guide  in  selecting  the  incidence 
angle  and  meanline  shape  in  the  flow  induction  region  of  transonic  airfoils. 

The  blade  sections  generated  by  the  SBS  program  are  then  stacked  and  new 
values  of  blade  lean  angles  and  annulus  blockage  are  calculated  for  input  to 
the  CAFD  program  for  the  next  iteration. 

Two  streamline  sections  for  the  base  configuration  and  each  new  rotor  were 
analyzed  using  the  Method  of  Characteristics  (MOC)  computer  program.  This  was 
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done  to  assure  that  the  computed  unique  incidence  angle  was  consistent  with 
the  design  flow.  These  calculations  were  carried  out  for  streamlines  10% 
and  40%  flow  from  the  tip. 
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SECTION  IV 

DATA  MATCH  OF  BASELINE  ROTOR 

A "data  match"  analysis  was  made  of  a selected  test  data  point  of  the 
baseline  rotor  as  previously  discussed  in  Section  II.  Test  data  for  this 
point  was  received  from  AFAPL  in  reference  4 and  included  measured  total 
temperature  and  total  pressure  profiles  at  rotor  exit  and  stator  discharge. 

It  also  includes  measured  casing  static  pressures  over  the  rotor  tip. 

The  flowpath  geometry  for  the  data  match  was  extracted  from  reference 
1 and  is  reproduced  in  Figure  1.  The  rotor  blade  geometry  was  basically  ob- 
tained from  plane  section  manufacturing  coordinates  supplied  by  AFWAL.  These 
coordinates  were  first  interpolated  to  stream  surface  coordinates  and  then 
adjusted  for  blade  deformation  due  to  centrifugal  force  and  pressure  loading. 
This  adjustment  for  deformation  was  calculated  by  means  of  a finite  element 
program  used  in  the  mechanical  design  and  analysis  of  blades  and  vanes. 

It  was  found  that  the  interpolation  from  plane  to  stream  surface  sections 
introduced  some  irregularities  near  the  hub.  Because  of  this  the  hub  section 
was  derived  directly  from  reference  1 and  the  adjacent  stream  surface  section 
was  somewhat  smoothed  to  obtain  a good  blend. 

In  a "data  match"  analysis  the  CAFD  circumferential  average  program  is 
run  with  measured  test  data  as  input  with,  the  objective  of  obtaining  best 
estimates  of  the  many  aerodynamic  parameters  which  are  not  measured  directly. 

For  this  work,  calculations  were  made  for  13  streamlines.  Calculation  stations 
within  the  annulus  are  shown  in  Figure  2.  Station  designations  were  kept 
similar  to  the  base  line  design  except  that  additional  internal  rotor  stations 
have  fractional  station  numbers.  Figures  3 and  4 show  the  total  pressure  and 
temperature  distributions  which  were  used  at  the  rotor  exit  and  stage  exit 
stations.  Also  shown  are  the  test  data  extracted  from  reference  4.  As  can  be 
seen  some  smoothing  and  extrapolation  of  the  data  was  required.  Casing  static 
pressures  over  the  rotor  tip  cannot  be  input  directly  into  the  program,  so 
matching  these  values  is  done  iteratively  by  adjusting  the  chordwise  distri- 
bution of  rotor  work  input.  The  assumed  boundary  Payer  allowance  is  shown 
on  Figure  5.  The  same  boundary  layer  allowance  was  specified  at  each  streamline 
at  a given  calculation  station.  Figure  6 shows  both  the  measured  and  "data 


9 


AXIAL  COORDINATE,  IN. 


12 


TOTAL  TEMPERATURE,  °R 


Figure  4 


. Data  Match  Total  Temperatures  at 
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match"  casing  static  pressures.  As  can  be  seen,  a perfect  match  could  not  be 
achieved.  In  particular,  three  measured  casing  stations  appear  to  be  lower 
than  the  corresponding  data  match  values.  No  explanation  for  this  has  been 
determined . 
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The  overall  radial  distribution  of  rotor  work  input  was  defined  by  the 
radial  distribution  of  the  total  temperature  at  the  rotor  trailing  edge  sta- 
tion. Radial  distribution  of  the  rotor  work  input  at  the  internal  blade  sta- 
tions however  is  rot  so  defined.  At  the  internal  rotor  blade  stations,  the 
radial  distribution  of  work  input  was  iteratively  adjusted  so  as  to  result  in 
reasonable  departure  angle  distributions  along  the  blade  span.  Departure  angle 
is  here  defined  as  the  difference  between  the  blade  meanline  angle  and  the  air 
angle  on  a stream  surface.  The  assumed  streamline  work  input  (as  a fraction 
of  the  total  streamline  work)  is  plotted  versus  percent  axial  projection  in 
Figure  7.  The  tip  streamline  is  the  one  on  the  left.  Each  subsequent  stream- 
line is  indexed  to  the  right  by  the  value  of  its  stream  function  (fraction  of 
the  total  flow  from  the  tip) . The  dashed  lines  are  lines  of  constant  frac- 
tion of  axial  projection.  A plot  of  departure  angle  on  each  data  match  stream- 
line is  shown  in  Figure  8. 

The  input  stage  work  distribution  and  total  pressure  distributions  at  the 
rotor  exit  and  stage  exit  imply  blade  row  pressure  loss  coefficients.  These 
pressure  loss  coefficients  are  shown  in  Figures  9 and  10  for  the  rotor  and 
stator  respectively.  Rotor  and  overall  stage  efficiency  distributions  are 
also  implied  by  the  input  work  and  total  pressure  distributions.  These  adia- 
batic efficiencies  for  the  rotor  and  overall  stage  are  shown  ir  Figures  11  and 
12  respectively. 

After  a satisfactory  data  match  was  obtained  with  the  CAFD  program,  the 
SBS  program  was  run  to  calculate  various  aerodynamic  parameters  including  the 
several  passage  area  ratios  on  each  stream  surface.  Also  a method  of  char- 
acteristics program  called  "MOC"  was  run  on  SBS  streamlines  2 and  5 to  serve 
as  a later  basis  for  assuring  that  the  rotors  to  be  designed  under  this  con- 
tract would  achieve  the  same  flow  as  the  base  line  rotor. 

* 

Figure  13  shows  the  rotor  throat  margin  versus  immersion.  As  here 
defined,  the  throat  margin  for  a streamsurface  blade  section  is  the  percent 
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Figure  9.  Data  Match  Rotor  Total  Pressure  Loss 

Coefficient  Versus  Fractional  Immersion 


LOSS  COEFFICIENT 


Figure  10.  Data  Match  Stator  Total  Pressure  Loss 

Coefficient  Versus  Fractional  Immersion 


excess  throat  area  over  and  above  the  minimum  theoretical  area  required  to 
pass  the  streamtube  flow  at  a throat  Mach  number  of  1.0  and  assuming  a total 
pressure  loss  equivalent  to  one  normal  shock  at  the  upstream  Mach  number. 

In  a rotor,  the  effect  of  radius  change  (between  the  leading  edge  and  throat) 
on  the  relative  total  enthalpy  and  pressure  is  included.  Throat  margin  dis- 
tributions for  Phase  I,  II,  and  V rotors  were  kept  nearly  identical  to  the 
data  match  case.  For.  Phase  III  and  IV  rotors,  it  was  intentionally  different. 

i 

Figure  14  shows  the  rotor  Lieblein  Diffusion  Faction  (D  factor)  versus 
immersion. 

Figures  15  and  16  show  the  data  match  rotor  incidence  and  deviation 
angles  respectively.  Here  the  incidence  and  deviation  angles  are  defined  as 
seen  in  a streamsurface  section.  The  irregularity  in  the  incidence  angle  < 

shown  in  Figure  15  near  the  hub  may  be  the  result  of  interpolating  from  the  ■ 

plane  section  coordinates  of  the  baseline  rotor. 

A modified  version  of  Carter's  Rule  was  used  to  calculate  a reference 
deviation  angle  for  the  baseline  rotor.  This  procedure  converts  the  vector 
diagrams  (from  the  data  match  calculations)  to  an  equivalent  two-dimensional 
set  of  vectors  which  would  produce  the  same  circulation  as  the  actual  blade 
taking  into  account  the  change  in  streamline  radius  and  meriodional  velocity. 

The  difference  between  the  deviation  angle  implied  by  the  data  match  calcu- 
lations and  the  reference  deviation  angle  is  shown  iu  Figure  17.  This  "delta 
deviation  angle"  was  used  as  a guide  in  setting  deviation  angles  for  the 
other  five  rotor  designs. 

Figure  18  shows  the  stator  incidence  angle  implied  by  the  data  match 
calculations  and  the  baseline  stator  geometry.  Since  the  other  five  rotor 
designs  will  be  tested  with  this  same  stator,  it  is  important  that  their 
design  stator  incidence  angles  do  not  depart  too  greatly  from  the  data  match 
case. 

The  detail  results  of  the  data  match  analysis  are  given  in  Section  V. 
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I SECTION  V 

DETAIL  RESULTS  OF  DATA  HATCH 

The  following  tabulation  presents  the  detail  results  of  the  data  match 
circumferential  average  flow  computation.  Each  page  of  the  tabulation  gives 
results  for  one  calculation  station.  Figure  2 shows  the  calculation  station 
locations  within  the  flowpath.  At  each  calculation  station  various 
aerodynamic  parameters  are  given  on  each  of  thirteen  calculation  streamlines. 
Also  given  are  several  mass  averaged  station  flow  properties. 
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